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Description 

This invention relates generally to the field of 
fluid-solid contacting. More specifically, this inven- 
tion deals with the delivery of fluids to beds of 
particulate material. 

Fluid-solid contacting devices have a wide vari- 
ety of applications. Such devices find common 
application in processes for hydrocarbon conver- 
sion and adsorption columns for separation of fluid 
components. When the fluid-solid contacting device 
is an adsorption column, the particulate material 
will comprise an adsorbent through which the fluid 
passes. In the case of hydrocarbon conversion, the 
fluid-solid contacting apparatus is typically a reac- 
tor containing catalyst. Typical hydrocarbon con- 
version reactions that may be carried out are hy- 
drogenation, hydrotreating, hydrocracking, and 
hydrodealkylation. 

Fluid-solid contacting devices to which this in- 
vention apply are arranged as an elongated cyl- 
inder or vessel usually having a vertical orientation 
through which an essentially vertical flow of fluid is 
maintained. Particulate material contained in this 
vessel is arranged in one or more beds. Fluid 
enters the vessel through an inlet located at an 
upstream end of the vessel. It is also commonly 
known to add or withdraw fluid from between the 
particulate beds. This is commonly done in adsorp- 
tion schemes where the composition of the fluid 
passing between particle beds is changing or in 
hydrocarbon conversion processes where a quench 
system is used to cool fluid as it passes between 
beds. 

Changes in the composition or properties of 
the fluid passing through the particular zone 
present little problem provided these changes oc- 
cur uniformly. In adsorption systems these changes 
are the result of retention or displacement of fluids 
within the adsorbent. For reaction systems changes 
in temperature as well as composition of the fluid 
are caused by the particulate catalyst material con- 
tained in the beds. 

Nonuniform flow of fluid through these beds 
can be caused by poor initial mixing of the fluid 
entering the bed and/or variations in flow resistance 
across the particulate bed. Variations in the flow 
resistance across the bed can vary contact time of 
the fluid within the particles thereby resulting in 
uneven reactions or adsorption of the fluid stream 
passing through the bed. In extreme instances, this 
is referred to as channeling wherein fluid over a 
limited portion of the bed is allowed to move in a 
narrow open area with virtually no resistance to 
flow. When channeling occurs, a portion of the fluid 
passing through the bed will have minimal contact 
with the particulate matter of the bed. If the pro- 
cess is one of adsorption, the fluid passing through 
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the channel area will not be absorbed, thereby 
altering the composition of this fluid with respect to 
fluid passing through other portions of the absor- 
bent bed. For a catalytic reaction, the reduction in 

5 catalyst contact time will also alter the product 
composition of fluid as it leaves different portions 
of the catalyst bed. 

In addition to problems of fluid composition, 
irregularities in the particulate bed can also affect 

70 the density and temperature of the fluid passing 
through the bed. For many separation processes 
retained and displaced components of the fluid 
have different densities which tend to disrupt the 
flow profile through the bed. Nonuniform contacting 

75 with the adsorbent particles will exacerbate the 
problem by introducing more variation in the den- 
sity of the fluid across the bed thereby further 
disrupting the flow profile of the fluid as it passes 
through the particle bed. 

20 In reaction zones, temperature variations are 

most often associated with nonuniform catalyst 
contact due to the endothermic or exothermic na- 
ture of such systems. Nonuniform contact with the 
catalyst will adversely affect the reaction taking 

25 place by overheating or overcooling the reactants. 
This problem is most severe in exothermic reac- 
tions where the higher temperature can cause fur- 
ther reaction of feedstock or other fluid compo- 
nents into undesirable products or can introduce 

30 local hot spots that will cause damage to the cata- 
lyst and/or mechanical components. 

Non-uniform fluid flow into the vessel can dis- 
rupt the top surface of the bed. The disruption 
results from transverse fluid flow across the surface 

35 of the bed at velocities sufficient to move the 
individual bed particles. For a confined bed, this 
disruption or movement of the particles will cause 
the particles to abrade against each other generat- 
ing smaller particles which are referred to as fines. 

40 These fines may increase pressure drop within the 
bed or escape from the bed thereby reducing the 
overall quantity of particles in the bed and possibly 
interfering with downstream operations. In uncon- 
fined beds, transverse fluid flow may also shift 

45 large quantities of particles so that the bed surface 
is highly irregular. 

These transverse currents are the result of 
charging fluid into a relatively large diameter vessel 
through a relatively small diameter nozzle. Charg- 

50 ing fluid into the vessel through a small diameter 
nozzle produces a high velocity jet that extends 
from the nozzle into the vessel. Impact of this jet 
on or adjacent to the surface of a relatively closed 
catalyst bed flares the fluid outward thereby pro- 

55 ducing eddy currents and fluid velocities transverse 
to the bed surface. The inlet effects associated with 
the relatively small diameter nozzle are compound- 
ed by the usual presence of an elbow just up- 
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stream of the nozzle which introduces another 
transverse velocity component into the fluid flow 
entering the vessel. The overall result of these inlet 
effects is often the piling up of particles around the 
periphery of the particle bed or the shifting of 5 
particles from one side of the bed to the other. 

These detrimental inlet effects are avoided by 
uniformly dispersing the fluid as it enters the ves- 
sel. Uniform dispersal can be obtained by providing 
a sufficient length between the nozzle and the ro 
catalyst bed surface such that the fluid jet and any 
transverse velocities are substantially dissipated 
upstream of the particle bed. However, in most 
cases, it is impractical to provide the length neces- 
sary for dissipation of the inlet effects due to the 75 
excessive vessel tangent length that would be re- 
quired. In fact, the trend in many industries is to 
decrease the length between the inlet nozzle and 
the particle bed surface in order to increase the 
total volume of particles in the vessel and thereby 20 
obtain greater fluid throughput or greater particle 
bed service life. 

For these reasons, inlet distributors are com- 
monly used to break up the fluid jet and redistrib- 
ute fluid flow over the top surface of a particle bed. 25 
One such device is shown in U.S. Patent 2,925,331 
issued to Kazmierczak et al. where a fluid stream is 
downwardly directed onto the upper surface of the 
catalyst bed and passes first through a distributor 
consisting of a series of annular plates having inner 30 
diameters that progressively decrease in the direc- 
tion of fluid flow so that portions of the fluid stream 
are in effect peeled off and redirected radially 
outward over the surface of the particle bed. It is 
also known in the hydrocarbon processing industry 35 
to attach cylindrical rings extending in the direction 
of fluid flow to the inner edge of the annular plates. 
Another type of distributor used to redirect and 
remix fluid flow upstream of a particle bed is shown 
in U.S. Patent 3,598,541 issued to Hennemuth et 40 
al. and U.S. Patent 3,598,542 issued to Carson et 
al. The Hennemuth distributor uses a series of 
circumferentially spaced holes to redistribute fluid 
within a fluid mixing device that communicates with 
the upper surface of a particle bed. The distributor 45 
disclosed in Carson uses a series of circumferen- 
tially spaced holes to radially discharge fluid across 
the upper surface of a particle bed. Thus, the prior 
art is well acquainted with a number of distribution 
devices for use in fluid solid contacting vessels. 50 

Despite the use of different inlet distributors, 
bed disruption remains a problem. Distributors that 
use the annular plates or baffles of the Kazmierc- 
zak device reduce the severity of bed disturbances 
but have not eliminated it. Therefore, large scale 55 
shifting of particle bed surfaces, especially where 
fluid inlet velocities are high, still occurs. Such 
disruption is still known to occur even in cases 
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where straightening vanes and other flow distribu- 
tion devices are added to the upstream elbow as a 
means of eliminating a resulting transverse flow 
component. It has now been discovered that de- 
spite the presence of the baffles and additional 
redistribution devices, such as straightening vanes, 
fluid flow entering the vessel still remembers the 
change of direction that took place upstream of the 
inlet nozzle and a distribution device that disperses 
the fluid in two directions is needed to overcome 
these problems. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of this invention to 
improve fluid dispersal over the surface of a par- 
ticulate bed. 

It is a further object of this invention to prevent 
disruption of the top surface of the bed. 

It is a yet further objective of this invention to 
dissipate inlet effects such as jets and transverse 
currents associated with fluid flow into a vessel 
while minimizing the distance between the inlet 
nozzle and the particle bed surface. 

Another object of this invention is to provide a 
vessel with a fluid distributor that eliminates trans- 
verse velocity components that enter the vessel 
through a relatively small nozzle. 

These and other objects are satisfied according 
to this invention by using an inlet distributor which 
radially and circumferentially redirects a majority of 
an axial fluid flow over the surface of a particle 
bed. This two direction redistribution dissipates 
nonuniform transverse velocity components and 
eddy current that were not eliminated by other inlet 
distributors. 

DE-A-3034447 discloses a device for the dis- 
tribution of a fluid as it passes downwards through 
successive stages of a column packed with par- 
ticles. The device itself contains these particles and 
provides a series of coaxial annular nozzles, ex- 
tending progressively further downwards the closer 
each respective nozzle is to the axis. The major 
flow of fluid is downwards, but there is provision for 
some radical fluid flow from individual annular noz- 
zles through lateral slits. Each distributer in effect 
sits in a crater in its respective stage of packing in 
the column. 

The present invention provides a vessel for 
contacting a fluid, entering the vessel through an 
inlet, with a particle bed in the vessel, said inlet 
having a fluid distributor comprising 

a) a conduit for receiving a fluid stream from 
outside the vessel through an inlet member; 

b) a plurality of partitions subdividing at least 
half of the cross-sectional area of said conduit 
into at least two annular collection zones; 
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c) a series of outlet bands spaced along and 
centred along the longitudinal axis of said con- 
duit. with each outlet band being associated with 
a respective collection zone and being located 
along the outer boundary of its respective col- 
lection zone, said outlet bands having an ar- 
rangement wherein the outlet band located near- 
est said inlet is associated with the outermost 
collection zone and succeeding outlet bands 
having an increased axial spacing from said 
inlet, are associated with collection zones having 
progressively increasing inward locations; and 

d) a series of perforations spaced at regular 
intervals above the circumference of each outlet 
band to circumferentially redistribute any fluid 
flow out of each band. 

Accordingly, in one embodiment of this inven- 
tion, the fluid distributor comprise a conduit, a 
plurality of partitions, and a series of perforations. 
The conduit has an inlet for receiving a fluid 
stream. The plurality of partitions subdivide most of 
the cross-sectional area of the conduit into at least 
two annular collection zones. The partitions also 
define, at least in part, a series of outlet bands that 
are centered about the longitudinal axis of the 
conduit. Each outlet band is located at the end of 
one collection zone and the outlet bands have an 
arrangement wherein the outermost collection zone 
ends with the outlet band located nearest the inlet 
and each successive inwardly spaced collection 
zone ends with an outlet band having an increased 
spacing from the inlet. The series of perforations 
are spaced at regular intervals about the circum- 
ference of each band to circumferentially redistrib- 
ute fluid flow out of each outlet band. 

In a second embodiment, the fluid distributor 
comprises a cylindrical container, a plurality of 
partitions, and apertures spaced uniformly about 
the circumference of the container. The cylindrical 
container has a primary inlet at one end and a 
closure plate at the opposite end. The plurality of 
partitions are located in the container and define a 
series of annular inlets inside the container and a 
series of cylindrical outlet bands along the wall of 
the container. The partitions communicate each 
inlet with one outlet and change the direction of 
fluid flow between the annular inlets and the out- 
lets. A portion of the apertures lie within each 
cylindrical outlet band. The apertures are uniformly 
spaced circumferentially about each outlet band 
and provide a small pressure drop for circumferen- 
tially redistributing fluid flow out of each band. 

Yet another embodiment involves a method of 
distributing a fluid stream across a bed of solid 
particles located in a downflow vessel comprising 
charging the fluid stream to the inlet of the vessel 
described above at conditions selected to achieve 
two direction flow distribution prior to contact with 



said bed. 

Additional objects, embodiments, aspects, and 
details of this invention are set forth in the following 
detailed description. 
5 Figure 1 shows an arrangement of a downflow 

reactor having an inlet distributor and a particle 
bed. 

Figure 2 is one form of the inlet distributor 
used according to this invention. 
w Figure 3 is an alternate form of the inlet distri- 
butor used according to this invention. 

Figure 4 is a bottom view of the inlet distributor 
of Figure 3. 

The distributor used according to this invention 

75 can be used in conjunction with any particle bed. 
Typically, the particle bed and inlet distributor will 
be located inside a vessel for a catalytic reaction or 
an adsorption process. This invention finds greatest 
advantage when the vessel has a downward flow of 

20 fluid from an inlet nozzle through an unconfined 
bed of particles. The invention can also be used 
with confined particle beds. In confined particle 
beds, large scale shifting of the upstream bed 
surface is not a concern due to restraint by a 

25 screen or other confining device but disturbance of 
the bed surface can still cause attrition and wear of 
the particles. Thus, while best suited for downflow 
type vessel, this invention can also be used in 
vessels where fluid flow is primarily horizontal or 

30 even upflow. 

Most arrangements for piping fluid to the par- 
ticle beds will dictate the use of pipe bend or 
elbow just upstream of the inlet supplying fluid 
above a particle bed surface. Passage through the 

35 bend concentrates fluid flow in the outer radius of 
the bend. The distributor used according to this 
invention is especially effective in preventing the 
bend effect from contributing to bed disturbances. 
Bend effects are corrected by circumferentially re- 

40 distributing the annularly segregated portions of the 
fluid flow to the particle bed. 

Fluid entering the distributor used according to 
this invention may be gaseous phase, liquid phase, 
or a combination of the two. Greatest advantage is 

45 obtained when the fluid stream entering through 
the inlet distributors is in gas phase. 

This invention is more fully explained in the 
context of a typical downflow vessel arrangement 
as shown in Figure 1. The remainder of this de- 

50 scription refers to the fluid as a gas. This reference 
is not meant to limit the invention to gas phase 
flow. Referring again to Figure 1, an upper pipe 10 
delivers a gas phase fluid to a vessel 12 through 
an inlet nozzle 14 which is connected to pipe 10 

55 through a pipe swedge 16 and an elbow 18. If 
unrestricted, discharge of the fluid from elbow 18 
would produce a gas jet and also introduce a 
transverse velocity component into the gas stream 
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that enters vessel 12. 

However, alt of the gas ftow that enters vessel 
12 is intercepted first by distributor 20. Distributor 
20 has an inlet plate 22 sandwiched between the 
bottom of pipe swedge 16 and the top of inlet 
nozzle 14. Sandwiching plate 22 between pipe 
swedge 16 and inlet 14 secures distributor 20 to 
vessel 12 and provides a seal between pipe 
swedge 16 and inlet plate 22 that prevents fluid 
from entering vessel 12 without first passing 
through distributor 20. Other well-known means of 
attaching distributor 20 to vessel 12 or pipe 
swedge 16 can be used. Nevertheless, whatever 
method of attachment is used, it is important that 
the method prevent bypassing of fluid around dis- 
tributor 20 and into the vessel 12. This bypassing 
can produce concentrated jets of fluid flow that will 
diminish or defeat the effect of distributor 20. 

In a manner hereinafter described, distributor 
20 disperses the gas over the cross-section of 
vessel 12. The dispersed gas enters a particle bed 
24 having an upper surface 25. Bed 24 is com- 
posed of solid particles which can be in the form of 
pills, spheres, cylinders, or any other desired 
shape. The actual properties of the particles will 
depend upon the process which is carried out in 
the containment vessel. Generally, the particles will 
either function as an adsorbent or as a catalyst. As 
a further means of preventing bed disturbances, a 
layer of support material, usually comprising ce- 
ramic balls, may be added and comprise the upper 
surface of the particle bed. In the case of a down- 
flow reactor, bed surface 25 will simply consist of 
particles that have been leveled at the time of 
loading. In the case of a confined catalyst bed, a 
screen or other layer of laminar material will be at 
the level of surface 25. As gas passes across 
upper surface 25, it proceeds down through the 
remainder of bed 24. Once the gas has moved a 
short distance past the bed surface, provided the 
surface remains level, a complete redistribution of 
the gas is effected such that it will pass uniformly 
through the remainder of the bed. Therefore, it is 
not essential that distributor 20 provide a com- 
pletely uniform distribution of gas across the bed 
surface 25. The purpose of distributor 20 is to 
provide a fluid, or in this case gas, dispersion that 
has enough uniformity to eliminate any eddy or 
cross-currents having sufficient velocity to disrupt 
surface 25. After a predetermined contact time, gas 
leaves the catalyst bed 24 by passing through a 
porous support member 26. .Member 26 can be 
screen or any other rigid layer of porous material 
having sufficient strength to support the weight and 
pressure loading of catalyst bed 24. Exiting gases 
pass through an outlet screen 28 that collects any 
fine particles that have passed out of a catalyst bed 
and through support member 26. From screen 28, 
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exiting gases leave the vessel 12 through an outlet 
nozzle 30 which is connected to a lower pipe 32. 

The function of distributor 20 in dispersing fluid 
can be more fully appreciated by a consideration of 

5 the device shown in Rgure 2 which is one form of 
a two direction distributor designed in accordance 
with this invention. Figure 2 shows inlet plate 22 
having a series of perforations 34 which collectively 
provide an inlet for gas flow into the distributor. 

jo Although preferred, it is not necessary that perfora- 
tions 34 be used across the inlet of plate 22. Inlet 
plate 22 may be provided with a few large open- 
ings or a single opening. The use of perforations 
increases the uniformity of the gas flow into the 

75 distributor the advantage of which must be bal- 
anced against an increased pressure drop across 
the inlet. Therefore, pressure drop considerations 
will control the number and size of openings in inlet 
plate 22. In normal practice, the holes in the inlet 

20 plate will be sized to provide a pressure drop at 
least equal to twice the velocity head of the incom- 
ing gas stream. The opening or openings may 
extend as far as the wall of a conduit 36 that 
receives the gas flow passing through inlet plate 

25 22. A series of partitions 42, 44, 46, 48, 50, and 52 
divide the projection of the cross-sectional area of 
conduit 36 into a series of annular collection zones. 
A series of outlet bands 54, 56, 58, 60, 62, and 64 
are associated respectively with one of the parti- 

30 tions to define the collection zones as that volume 
lying in both the space above a given partition and 
the cylindrical space confined by each outlet band. 
The collection zone associated with partition 42 
and outlet band 54 takes the outermost annular 

35 layer of gas flow passing through conduit 36 and 
redirects it in a radial direction out of series of 
apertures 66 located in outlet band 54. Apertures 
66, in this case, are simply a series of holes 
spaced circumferentially about outlet 54 at a uni- 

40 form spacing. The pressure drop across opening 
66 is kept low so that the horizontal velocity com- 
ponent created by the impact of gas flow against 
partition 42 will be preserved and contribute to the 
radial momentum of the gas as it leaves the distri- 

45 butor. Holes 66 serve the important function of 
circumferentially redistributing the gas flow at each 
partition. Therefore, a completely open outlet band, 
as practiced in the prior art, does not provide the 
necessary pressure drop for circumferential redis- 

50 tribution. A minimum pressure drop in excess of 
the radial velocity head and preferably several 
times greater than the radial velocity head across 
the opening 66 will provide the necessary circum- 
ferential redistribution. The collection zones asso- 

55 ciated with the downstream partitions 44, 46, 48, 
50, and 52 take the remaining gas flow from an- 
nular layers of progressively decreasing diameter 
and redirects it radially outward. The gas flow de- 
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fleeted by each partition passes through apertures 
66 of its respective outlet band which circumferen- 
tially redistribute the flow in the manner described. 

Fluid that passes below partition 52 enters a 
final outlet arrangement which, in this case, con- 
sists of an outlet band 68 and a bottom plate 70. 
End plate 70 is usually imperforate. When end 
plate 70 has a large diameter relative to the bed, 
small perforations may be provided to direct a 
small portion of the gas downwardly onto the cen- 
ter of the particle bed to avoid the formation of a 
dead space below the distributor which could again 
introduce eddy currents above the bed. However, 
the majority of the gas flow passing below partition 
52 is radially redirected through outlet band 68. 
Any gas flow permitted through an opening in plate 
70 should not exceed the volumetric gas addition 
that satisfies the average gas flow requirements 
through the central portion of the bed that is not in 
the immediate flow path of the radially discharged 
gas. Gas flow through plate 70 can produce a jet 
which can impact and disturb the downstream bed 
surface. Therefore, jet length considerations may 
limit the size of any opening in plate 70. 

The configuration of distributor 20 will vary 
depending primarily on the geometry of the vessel 
in which it is inserted and the number and type of 
collection zones. The length of conduit 36 between 
inlet plate 22 and the first outlet band is sized to 
get the apertures 66 below the inlet nozzle 14 so 
that the radially directed fluid passing therethrough 
does not impinge on the nozzle wall. The number 
of collection zones used in a particular distributor 
will vary with the velocity of gas flow, the relative 
size of the inlet nozzle and vessel, and the suscep- 
tibility of the particle bed to flow-induced distur- 
bance. Two or more collection zones may be used. 
Generally, the more collection zones used, the 
better the distribution across the catalyst beds. In 
the specific configuration of the Figure 1 distributor 
increasing the width of the partitions will increase 
the radial gas flow at each outlet band. Adjusting 
the size and number of apertures in each outlet 
band will also vary the radial gas velocity or 
through apertures in different outlet bands. By ap- 
propriate sizing of the collection zones and apera- 
tures, this distributor can provide good gas disper- 
sion over a particle bed of almost any shape or 
size. 

An alternate and often preferred arrangement 
for the distributor used according to this invention 
is shown in Figure 3. In this case, the distributor 
consists of an inlet plate 22', a cylindrical container 
72, an upper partition 74, intermediate partitions 
76, a lower partition 78, and an end plate 80. The 
upper end of container 72 referred to as the inlet or 
primary inlet is attached to inlet plate 22\ Inlet 
plate 22* is perforated with a series of equally 



spaced holes to provide a pressure drop for the 
gas passing across the inlet plate. Partition 74 
consists of an annular plate 82 which is attached 
along its outer perimeter to the interior of container 

5 72 and a ring 84 which is attached to the inner 
perimeter of plate 82 and extends upward towards 
the primary inlet. Ring 84 together with the wall of 
cylinder 72 defines an annular inlet extending be- 
tween the top of ring 84 and the cylinder wall 

10 which collects gas flow traveling in a principally 
downward direction along the wall of cylinder 72. 
The gas flow is redirected radially outward by 
partition 74 and passes through a series of holes 
88 in an outlet band 90. Outlet band 90 is defined 

/5 as that section of container 72 lying in the radial 
projection of ring 84. Holes 88 are again sized to 
provide only a small amount of pressure drop 
across the outlet band. 

Intermediate partitions 76 consists of annular 

20 plates 92 having their outer perimeter attached to 
the inside of container 72 and an inner perimeter to 
which a ring 94 is attached. The number and size 
of holes 88 in any outlet band may be adjusted to 
provide the desired flow rate and to some degree 

25 the desired pressure drop at any band level. The 
velocity head produced at each annular inlet pro- 
vides additional pressure drop that may be used to 
adjust and vary the pressure drop at any given 
band level without upsetting, to any great degree, 

30 the overall pressure balance across all the annular 
inlets. Lower partition 78 consists of an annular 
plate 96 having its outer perimeter attached to the 
inside of container 72 and an inner perimeter to 
which a ring 98 is attached and extends upward 

35 towards the primary inlet. Annular plates 82, 92, 
and 96 divide the portion of container wall 72 
located therebetween into a number of vertically 
spaced outlet bands 100. Annular inlets, defined as 
the horizontal area between the top of one ring and 

40 a superadjacent ring, collect annular sections of 
axially flowing gas from the region immediately 
above the annular inlets. The gas collected by the 
annular inlets is redirected and discharged in a 
radial direction through a series of holes 88 located 

45 in annular bands 100. Holes 88 are uniformly 
spaced about the circumference of each outlet 
band. By providing a small pressure drop, holes 88 
ensure that radial gas flow from the outlet bands is 
uniform across the entire circumference. Again, 

so only a small pressure drop through holes 88 is 
required to provide any needed circumferential re- 
distribution. Rings 94 and 98 extend upward to- 
wards the primary inlet and preferably extends 
above the next adjacent annular plate. Extending 

55 the ring above the next adjacent annular plate 
defines at least a small vertical flow passage be- 
tween adjacent rings that aids in trapping an an- 
nular section of gas flow by preventing inward 
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deflection of the gas as it contacts the partition and 
undergoes a change in direction. Preferably, the 
extension of the ring above the next adjacent an- 
nular plate equals at least a quarter of the horizon- 
tal distance between the adjacent rings. 

Gas flow traveling down the very center of 
cylindrical container 72 passes inside ring 98 and 
into a chamber bordered by annular plate 96, plate 
80, and container 72. A portion of the gas entering 
this chamber is directed radially outward through 
holes 102. The remainder of the entering gas 
passes downwardly through perforations in end 
plate 80. The arrangement of perforations in end 
plate 80 is more clearly shown in Figure 4. End 
plate 80 is imperforate about a central diameter 
equal to the inner diameter of ring 98. The remain- 
ing area of end plate 80 is perforated by smaller 
holes 106 that are equally spaced about the plate. 
The total open area provided by holes 102 and 106 
will provide a very small pressure drop through 
these openings. Small holes 106 are located under 
annular plate 96 to prevent any direct axial gas flow 
out of the distributor and preferably sized to pro- 
vide a gas flow to that portion of the particle bed 
surface underlying horizontal projection distributor 
that is at least equal to the average gas flow across 
the entire particle bed surface. As previously men- 
tioned, providing downward or axial gas flow across 
the top surface of the bed prevents horizontal or 
transverse gas flow that could disturb the bed. 

Claims 

1. A vessel [12] for contacting a fluid, entering 
the vessel through an inlet [14], with a particle 
bed [24] in the vessel, said inlet having a fluid 
distributor [20] comprising 

a) a conduit [36;72] for receiving a fluid 
stream from outside the vessel through an 
inlet member [22; 22']; 

b) a plurality of partitions [42, 44, 46, 48, 50 
and 52; 74, 76, 78] subdividing at least half 
of the cross-sectional area of said conduit 
into at least two annular collection zones; 

c) a series of outlet bands [54, 56, 58, 60, 
62 and 64; 90, 100] spaced along and cen- 
tered along the longitudinal axis of said con- 
duit, with each outlet band being associated 
with a respective collection zone and being 
located along the outer boundary of its re- 
spective collection zone, said outlet bands 
having an arrangement wherein the outlet 
band [54; 90] located nearest said inlet is 
associated with the outermost collection 
zone and succeeding outlet bands having 
an increased axial spacing from said inlet, 
are associated with collection zones having 
progressively increasing inward locations; 



and 

d) a series of perforations [66; 88] spaced 
at regular intervals above the circumference 
of each outlet band to circumferentially re- 
5 distribute any fluid flow out of each band. 

2. A vessel according to Claim 1 characterised in 
that said partitions [74, 76 and 78] define ax- 
ially oriented flow passages for restricting any 

10 radial fluid flow away said from outlet bands. 

3. A vessel according to Claim 1 or Claim 2 
characterised in that said conduit [36] and said 
outlet bands have a uniform diameter and 

75 comprise a cylindrical vessel [72] having a 

closure plate [80] at an end opposite said inlet 
member [22*]. 

4. A vessel according to Claim 3 characterised in 
20 that said inlet member [22*] communicates 

with said closure plate, and said closure plate 
[80] is perforated. 

5. A vessel according to any one of Claims 1 to 4 
25 wherein said partitions [74, 76, 78] comprise 

annular plates [82, 92, 96] having inner diam- 
eters that progressively decrease in size as the 
distance of the annular plate from said inlet 
increases, and a ring [94, 98] extending toward 
30 said inlet member [22*] from the inner diam- 

eter of each annular plate past the preceding 
annular plate. 

6. A vessel according to Claim 1 characterised in 
35 that said outlet bands [54, 56, 58, 60, 62, 64] 

have progressively decreasing diameters, with 
the smallest diameter band [64] located the 
greatest distance from said inlet member [22; 
22']. 

40 

7. A method of distributing a fluid stream across 
a bed of solid particles [24] located in a down- 
flow vessel [12] having a fluid inlet [14] and 
outlet [28] comprising charging the fluid 

45 stream to the inlet [14] of a vessel according to 

any one of Claims 1 to 6 at conditions selected 
to achieve two-direction fluid distribution before 
contact of the fluid with said bed. 

50 Patentanspruche 

1. Behalter (12) fur Kontakt eines Fluids, das in 
den Behalter durch einen EinlaS (14) eintritt, 
mit einem Teilchenbett (24) in dem Behalter, 
55 wobei der EinlaB einen Fluidverteiler (20) hat, 

der 

a) eine Rohrleitung (36; 72) zur Aufnahme 
eines Fluidstromes von auBerhalb des Be- 
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halters durch ein EinlaBteil (22; 22'), 

b) mehrere Trennwande (42 t 44, 46, 48, 50 
und 52; 74, 76, 78), die wenigstens die 
Halfte der Querschnittsflache der Rohrlei- 
tung in wenigstens zwei ringformige Sam- 
melzonen unterteilen, 

c) eine Reihe von AuslaBbandern (54, 56, 
58, 60, 62 und 64; 90, 100), die entlang der 
Langsachse der Rohrleitung im Abstand 
und zentriert angeordnet sind, wobei jedes 
AuslaBband mit einer betreffenden Sammel- 
zone verbunden und entlang der AuBen- 
grenze seiner betreffenden Sammelzone an- 
geordnet ist und wobei die AuslaBbander 
eine Anordnung haben, in welcher das dem 
EinlaB am nSchsten liegende AuslaBband 
(54; 90) mit der auBersten Sammelzone ver- 
bunden Ist und die nachfolgenden AuslaB- 
bander mit einem groBeren axialen Abstand 
von dem EinlaB mit Sammelzonen mit nach 
und nach nach innen zunehmenden Stellen 
verbunden sind, und 

d) eine Reihe von Perforationen (66; 88), die 
in regelmaBigen Abstanden oberhalb des 
Umfangs jedes AuslaBbandes angeordnet 
sind, urn FluidfluB aus jedem Band am Urn- 
fang zu verteilen, 

umfaBt. 

2. Behalter nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Trennwande (74, 76 und 78) 
axial ausgerichtete Stromungsdurchgange zur 
Begrenzung eines radialen Fluidflusses von 
den AuslaBbandern weg begrenzen. 

3. Behalter nach Anspruch 1 Oder Anspruch 2, 
dadurch gekennzeichnet, daB die Rohrlei- 
tung (36) und die AuslaBbander einen gleich- 
mafiigen Durchmesser haben und einen zylin- 
drischen Behalter (72) mit einer Endplatte (80) 
an einem Ende gegenuber dem EinlaBteil (22') 
umfassen. 

4. Behalter nach Anspruch 3, dadurch gekenn- 
zeichnet, daB das EinlaBteil (22') in Verbin- 
dung mit der VerschluBplatte steht und diese 
VerschluBplatte (80) perforiert ist. 

5. Behalter nach einem der Anspruche 1 bis 4, 
bei dem die Trennwande (74, 76, 78) ringfor- 
mige Platten (82, 92, 96) mit Innendurchmes- 
sern, die in der GroBe nach und nach abneh- 
men, wenn der Abstand der ringformigen Plat- 
te von dem EinlaB zunimmt, und einen Ring 
(94, 98) umfassen, der sich von dem Innen- 
durchmesser einer jeden ringformigen Platte 
Uber die vorausgehende ringformige Platte hin- 
aus zu dem EinlaBteil (22') erstreckt. 



6. Behalter nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die AuslaBbander (54, 56, 58, 
60. 62, 64) nach und nach abnehmende Durch- 
messer haben, wobei das Band (64) mit dem 

5 kleinsten Durchmesser in dem groBten Ab- 

stand von dem EinlaBteil (22; 22') liegt. 

7. Verfahren zur Verteilung eines Fluidstromes 
Ober ein Bett von festen Teilchen (24), das in 

70 einem Abstrombehalter (12) mit einem Fluid- 

einlaB (14) und FluidauslaB (28) angeordnet ist, 
bei dem man den Fluidstrom zu dem EinlaB 
(14) eines Behalters nach einem der AnsprU- 
che 1 bis 6 unter Bedingungen fuhrt, die so 

75 ausgewahlt sind, daB man vor einem Kontakt 

des Fluids mit dem Bett eine Fluidverteilung in 
zwei Richtungen bekommt. 
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Revendications 



1. Cuve (12) pour la mise en contact d'un fluide, 
p6n6trant dans la cuve par une ouverture d'en- 
tr£e (14), avec un lit de particules (24) dispose 
dans la cuve, ladite ouverture d'entree compor- 

25 tant un distributee de fluide (20) comprenant : 

a) un conduit (36 ; 72) destine h recevoir un 
courant de fluide de I'exterieur de la cuve 
par une pfece d'entree (22 ; 22'), 

b) plusieurs cloisons (42, 44, 46, 48, 50 et 
30 52 ; 74, 76, 78) divisant au moins la moiti§ 

de Taire du conduit en section transversale 
en au moins deux zones collectrices annu- 
laires, 

c) une serie de bandes de sortie (54, 56, 
35 58, 60, 62 et 64; 90, 100) espacees et 

centrees le long de I'axe longitudinal du 
conduit, chaque bande de sortie etant asso- 
ciee h une zone collectrice respective et 
etant situee le long de la limite ext^rieure 

40 de sa zone collectrice respective, lesdites 

bandes de sortie presentant un agencement 
dans lequel la bande de sortie (54 ; 90) 
situee le plus pr&s de I'entr^e est associSe 
& la zone collectrice la plus extSrieure et les 

45 bandes de sortie successives qui sont si- 

tuees a une distance axiale croissante de 
I'entree sont associees a des zones collec- 
trices dont les emplacements sont situes de 
plus en plus vers I'interieur, et 

so d) une s6rie de perforations (66 ; 88) espa- 

cees h intervalles reguliers au-dessus du 
contour circonf^rentiel de chaque bande de 
sortie de fagon a redistribuer circonferen- 
tiellement tout ^coulement de fluide hors de 

55 chaque bande. 

2. Cuve selon la revendication 1, caract6ris6e en 
ce que les cloisons (74, 76 et 78) d&imitent 
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des passages d'6coulement, orients axiale- 
ment, qui servent & emp§cher tout §coulement 
radial du fluide s'^cartant des bandes de sor- 
tie. 

5 

3. Cuve selon Tune des revendications 1 et 2, 
caracteris£e en ce que le conduit (36) et les 
bandes de sortie ont un diam&tre constant et 
constituent une cuve cylindrique (72) compor- 

tant une plaque d'obturation (80) a une extre- w 
mit6 oppos^e h la pfece d'entree (22'). 

4. Cuve selon la revendication 3, caract£risee en 
ce que la pi&ce d'entree (22') communique 
avec la plaque d'obturation et en ce que cette 15 
plaque d'obturation (80) est perforce. 

5. Cuve selon Tune quelconque des revendica- 
tions 1 a 4, dans laquelle les cloisons (74, 76, 

78) comprennent des plaques annulaires (82, 20 
92, 96), ayant des diametres interieurs qui ont 
des valeurs de plus en plus petites au fur et a 
mesure que la distance de la plaque annulaire 
a I'entree augmente, et un anneau (94, 98) qui 
s'etend vers la piece d'entree (22 ? ) a partir du 25 
diametre int£rieur de chaque plaque annulaire 
en s'etendant au-del& de la plaque annulaire 
pr6c£dente. 

6. Cuve selon la revendication 1, caract6ris6e en 30 
ce que les bandes de sortie (54, 56, 58, 60, 

62, 64) ont de diametres de plus en plus 
petits, la bande (64) de diametre le plus petit 
etant situee a une distance de la piece d'en- 
tree (22 ; 22') qui est la plus grande. 35 

7. Proc6de de distribution d'un courant de fluide 
sur toute I'etendue d'un lit de particules son- 
des (24) situe dans une cuve (12) a ecoule- 
ment vers le bas qui comporte une entree de 40 
fluide (14) et une sortie (28), ce procede 
consistant £t introduire le courant de fluide h 
I'entrge (14) d'une cuve selon Tune quelcon- 
que des revendications 1 h 6, dans des condi- 
tions choisies de fagon a obtenir une distribu- 45 
tion du fluide a deux directions avant une 
venue en contact du fluide avec le lit. 
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